The utilization of antibodies directed toward modified nucleosides in evaluating changes in the levels of certain modified nucleosides in transfer RNA is reported. Antibodies directed toward the N°-(A2_i SO pentenyl)adenosine modification were used in this model system with a mutant strain of Escherichla coli designated ipaA. The procedure is rapid, sensitive, and specific. In addition, it does not depend on the existence of an ^n vitro remodification system or any radiochemical labeling of the tRNA. By varying the extraction technique, the method could be applied to procaryotic or eukaryotic cell lines. The existence of antibodies specific for other nucleoside modifications makes this a system that is potentially applicable to a variety of deficiencies in the modification of both tRNA and rRNA.
INTRODUCTION
The function of nucleoside modifications in tRNAs is poorly understood, and studies on function have lagged behind the structural studies. The observations that the loss of a modified nucleoside from tRNA can affect the regulatory processes of the cell (1, 2) have given support to the concept that changes in the levels of modified nucleosides during growth and differentiation have physiologic importance. Consequently, the evaluation of the amount of a particular modified nucleoside in the tRNA of cell populations is important.
One obvious use of a technique to detect the level of modifications in tRNAs would be to look for changes in levels of modified nucleosides during periods of differentiation or physiological stress. Another application would be to screen for mutants which might be deficient in the ability to make a particular type of nucleoside modification.
Usually, modified nucleosides are detected by biochemical techniques which are generally laborious and often depend on either a radiochemical labeling procedure or remodification of the tRNA in vitro with enzyme extracts. Such techniques become limiting when a large number of cells need to be examined, such as In a screening procedure for mutants lacking a given modification.
In the following communication, we present a technique which utilizes anitnucleotide antibodies as tools to evaluate the amount of modified nucleoside present in a cell population. Vie have used a mutant of Escherichia coli which is deficient in IT-(A -isopentenyl) adenosine, i A, as a model system (3, 4) . Eisenberg 2) and 0.14 H NaCl, and transferred to small, conical centrifuge tubes (Brinkmann, 1.5 ml capacity, polypropylene). The cells were then suspended in 0.4 ml of extraction buffer containing 20 mM Tris (pH 7.5), 0.4 H NaCl, 10 mM MgCl 2 , 10 mM dithiothreitol, and 1.5 mg/ml bentonite.
It is important not to freeze the cells prior to extraction because freezing A has been described previously (5) .
Reaction mixtures were composed of 10 mM Tris (pH 7.2), 0.14 M NaCl, 
RESULTS AND DISCDSSIOW
Although previous work in our laboratory (4) had demonstrated that mixed tRNAs purified over a Sephadex G-100 column could be used in the i A RIA system to discriminate between tRNAs that contained 6 A and those that did not, the establishment of a procedure using whole cells required additional refinement. It was necessary to increase the sensitivity, reduce the number of purification steps, find out how much culture would be needed, determine that crude extracts would not contain interfering material, determine a reasonable working range, and verify the reproducibility of the method. The basic procedure that was developed is diagrammed in Figure 1 .
Details of the procedure are given in Materials and Methods. Cells can be grown in any medium as long as they are washed. The medium used here contained materials that could inhibit the RXA if the cells were lysed in the culture medium. Also, a shift in temperature could be included in the protocol since the method is sensitive enough to pick up mutant cells in which half of the tRNA is normal. The ipaA mutant used here, however, is not a temperature-sensitive mutation.
Choice of Extraction Procedure- Digestion with Ribonuclease-The RNase step was included because we had previously observed that digestion of tRNA with ribonucleases increased the sensitivity of the RIA (5 ). RNase T2 was chosen because the pH of the reaction is in the acidic range, which is preferable to an alkaline pH for many nucleosldes. The product of such a digestion may be an i 8 A containing dinucleotide, since exhaustive RNase T2 digestion or a mixture of ribonucleases is usually necessary to cause a complete cleavage between i 6 A and its adjacent residues. However, the digestion with RNase T2 was simpler and accomplished the desired increase in inhibition capability. Because our nonradioactive inhibitor may not be identical to our labeled antigen, the values may not be applicable to precise quantitations. This is not critical because our assay is a relative system by which material from one sample is compared with identically treated material from another sample.
Working Range and Variance-To test the range of inhibitor concentration that would be usable in the RIA, nucleic acid extracts from the parental strain and the lpaA mutant were prepared and dose levels from 0.05 to 1.56
AJBO units per assay were tested for their ability to produce inhibition.
The results are given in Fig. 2 s A residue is plotted against the probability that the logit value resulting fron the RIA will be greater than an arbitrarily chosen logit value (indicated on the graph). 
